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(57) Abstract 

The present invention relates to a method and a 
means for atomizing liquids, such as metal melts in 
which a tapping stream (6) of the liquid encounters one 
or more media jets (9), e.g. gas and/or liquid. The 
mixed stream obtained is directed towards a barrier 
(10) with the object of achieving effective dispersion of 
the liquid in the media, i.e. atomization. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


FR 


France 


ML 


Mali 


AU 


Australia 


GA 


Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HI! 


Hungary 


NL 


Netherlands 


BG 


Bulgaria 


IT 


Italy 


NO 


Norway 


BJ 


Benin 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


SL- 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


ID 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


n 


Finland 


MG 


Madagascar 







WO 89/05196 ^ PCT/SE88/00662 

A method and equipment for microatomlzing liquids, preferably melts 

The present invention relates to a method of atomizing liquids, pre- 
ferably metal melts, in which liquid, preferably metal melt, is mixed 
into a media jet consisting of gas and/or liquid, so that the liquid 
is disintegrated into small particles, i.e. atomization is achieved. 
The invention also relates to a means for performing said method. 

Such atomization is effected by disintegration of a preferably vertical 
tapping stream, or other pool of liquid, with the aid of preferably 
horizontal or vertical media flows consisting of gas or liquid. 

When liquids are being atomized by disintegration of the liquid with 
the aid of a gas or fluid, extremely small particles are obtained 
within certain size intervals, the intervals sometimes being consider- 
able. These known methods can be used for most types of liquids. 
However, they apply primarily to the production of powder from metal 
melts where a gas, e.g. nitrogen or argon, is used as atomization medium. 
Powder manufactured in this manner is often said to be manufactured 
inertly and is characterised by its low oxygen content and spherical 
form. 

Powder-metallurgy processes using inertly manufactured powder encounter 
various problems relating to the size of the powder particles and/or 
their distribution. Finer and/or more restricted fractions of inertly 
manufactured powder are desirable for many applications nowadays. 
Such powder is conventionally obtained by screening off a coarser 
fraction, resulting in low yield, or via atomization processes using 
extreme gas flows and pressures. This powder is only used to a limited 
extent due to its high cost. 

When atomizing metal melts in which a tapping stream is encountered 
by one or more gas jets, instability is produced on the surface of 
the melt in the contact surface between melt and gas, causing the 
melt to be stretched out in thin films. When these films have reached 
a certain thickness they will be broken up into threadlike pieces 
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due to the surface tension of the^melt and these pieces will be twisted 
off into a number of bits which :assume a shape having the least., possible 
surface energy, i.e. spherical shape. 

These spherical drops solidify to powder particles extremely rapidly 
due to thermal radiation and convective dissipation of heat to the . 
gas . 

The size of particles formed in a certain volume element in the atomi- 
zation process is affected by a number of parameters. The surface 
tension of the melt and the density and velocity of the atomizing 
medium are the most influencial parameters, besides the geometrical 
design of the atomization process. 

It is difficult to influence the surface tension or density for a 
given melt, atomizing nozzle and atomizing medium, and it is therefore 
simplest to influence the particle size by means of the velocity of 
the atomizing medium. In most established atomizing processes, there- 
fore, high velocities are strived for by means of high pressure in 
the atomizing medium and, in the case of gaseous media, by Laval design 
of the nozzles. However, the velocity of gaseous atomizing media decreases 
extremely rapidly after the nozzle so that usually only a small propor- 
tion of the atomizing process occurs within the region of maximum 
velocity. 

A larger or smaller proportion of the melt will be disintegrated to 
particles in a region further away from the nozzle, where the velocity 
is considerably less, in some cases even as low at 10? of the maximum 
velocity. This gives a coarse powder with a wide spread between the 
smallest and largest particles. 

Another problem entails the difficulty of getting the atomizing medium 
to get a "grip" on the liquid, and a large quantity thus passes outside 
the actual atomizing region, with low effectivity as a result. 

The method according to the invention aims at a solution of the problems 
mentioned above and others related thereto, and is characterised in 
that close to the blow-out nozzle, i.e. when velocity of the media 
jet is still high, a barrier is effected to spread said jet in order 
to greatly increase the contact surface between liquid/melt and media, 
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at the same time producing greatly increased turbulence which is bene- 
ficial to the atomization process, and thus efficiently dispersing 
the liquid in the media whereupon the liquid is disintegrated into 
small particles, i.e. atomization is effectivized. 

This is thus achieved by greatly increasing the contact surface between 
melt and atomizing medium, at the same time as a strong turbulence, 
favourable to the d is per si on /atomization is obtained in the contact 
region . 

Furthermore, the atomization process takes place within a short distance 
of the nozzle, where the velocity of the atomizing medium is still 
high, as well as a large proportion of the gas participating in the 
atomizing process. A high degree of efficiency is thereby obtained. 

This method thus enables a radical reduction in the average particle 
size and less spread in the size distribution, at low cost. 

The barrier may consist of a solid body, possibly cooled by water, 
for instance, or of a material which is thermically and chemically 
resistant to the mixed jet. The barrier may also be formed by a counter- 
directed media flow of gas and/or fluid, i.e. the barrier in this case 
constitutes the limit/contact surface between the mixed stream and 
the counter-directed media jet. 

The method can be applied to both vertical and horizontal atomizing 
processes. With a suitable choice of barrier, it is even possible 
to atomize a steel melt or alloys with an even higher melting point. 

The invention also relates to a means for performing said method, 

and the features characteristic of this means are defined in the appended 

claims . 

The medium for the media flow or the counter-directed media flow may 
be water, some other liquid such as liquid gas, or only gas such as 
nitrogen or argon or mixtures thereof. Alternatively the barrier 
may consist of a stationary or rotating plate, or the gas being blown 
in can be rotated. 
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The invention, both method and means, is described in more detail 
with reference to the accompanying drawings,' in which 

Figure 1 shows a means for performing the method . according to the. 
invention, 

Figure 2a shows the actual atomization process with a gas barrier, 

Figure 2b shows an example of a nozzle producing the barrier, 

Figure 3 shows another embodiment of the barrier. 

Figure 4 shows an alternative means for performing the method, 

Figure 5a shows the corresponding atomizing process with a gas barrier, 
seen from above, 

Figure 5b shows this process seen from the side with a detail of the 
nozzle producing the barrier, and 

Figure 6 shows an alternative atomizing process. 

In Figure 1 a vertical atomizing chamber 1 is shown, having a casting 
box 2 for metal melt. Media (gas and/or fluid) are supplied via a 
gas cooler 3 and a compressor 4 to nozzles in the chamber 1. Atomized 
powder is carried from the chamber 1 via a pipe system to a cyclone 5 
for treatment and separation. Metal melt, e.g. steel, is tapped from 
the casting box 2 (Figure 2a) through a tapping arrangement in the 
bottom of this box, in the form of a preferably circular tapping stream 
6 flowing vertically downwards into an atomizing chamber 1 filled 
with inert gas. In the upper part of the chamber, around the downwardly 
flowing tapping stream, is a gas nozzle 7 consisting of an annular 
nozzle or several smaller nozzles. The nozzle(s) create(s) an annular 
gas curtain 9 around the tapping stream which encounters (8) the tapping 
stream at an acute angle, some way from the nozzle (s) 7. When the 
gas encounters the tapping stream it is disintegrated and accompanies 
the gas flow. The barrier 10 of the invention is located at a suitable 
distance below the point of encounter. 

The barrier 10 consists of metals having a high melting point, such 
as steel, or preferably of a gas barrier 11. This is produced by 
directing a gas and/or fluid jet upwardly, preferably in the same 
centre line as the tapping stream and the gas curtain, at a suitable 
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distance below the nozzle(s), i.e. a second jet is directed preferably 
immediately towards the first jet 9-6 which contains fragments of 
melt 13 in its central portion. 

When the two jets encounter each other, the velocity decreases in 
the region of the collision, and the pressure thus increases. Due to 
the increase in pressure, the gas expands radially outwards so that the 
velocity again increases. If the kinetic energy is equal in the two 
jets, the resulting direction will be substantially radial, i.e. perpen- 
dicular to the direction of the jets. The melt in the central portion 
of the first jet 13 will alter course in the collision region and 
will accompany the radially expanding gas, thus achieving efficient 
atomization . 

The atomization process is further improved if the kinetic energy 
of the counter-directed jet is chosen less or greater than that of 
the first. In this case the expanding gas will assume a curved path, 
most resembling parabolic shape, (Figure 2a). The improved atomizing 
process is due to fragments of the melt drawn along with the gas are 
constantly forced to change direction, thus giving them greater exposure 
of the gas. 

The kinetic energy in the counter-directed gas flow is advantageously 
chosen less than that in the first, thus producing the effect described 
above, while the overall direction of the gas/particle mixture will 
be obliquely downwards. If the ratio of kinetic energy is inverted 
the overall flow will be obliquely upwards. 

The kinetic energy in the counter-directed jet may be 10 to 1000 % 
of the first, preferably 30 - 60 %. According to this embodiment, 
the barrier may be obtained from a nozzle as shown in Figure 2b, with 
one or more central nozzles 14 for barrier jets. Besides these, auxiliary 
nozzles 15 can be arranged to prevent liquid (melt) from coming into 
contact with undesired parts of the barrier nozzle. 

A similar effect to that described above is obtained if the barrier 
consists of a solid body, such as a circular plate located at right 
angles to and having the same central line as the mixed jet. (See Figure 3.) 
The compression of the gas thus occurs against this plate 16, after 
which expansion occurring radially outwards will pull with it a thin 
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When this film of melt reaches the edge of the plate it will be disinte- 
grated into particles in a process similar to that described above. 
The body constituting the barrier may be uncooled or cooled in some 
suitable manner from below, e.g. by means of water channels. 17. 

If the bodies are uncooled, they should be made of a material which 
is thermically and chemically resistant to the hot melt and the gas. 
If the body is cooled, a protective layer will be formed against the 
hot metal by the metal nearest the plate solidifying. 

The barrier may preferably have a geometry congruent with the cross 
section of the portion of the gas jet mixed with melt 13. The size 
of the barrier is suitably such that its longitudinal dimensions are 
equal to the cross section of the part of the gas stream mixed with 
melt, at the point of encounter, or up to 20 times greater, preferably 
^ to 10 times greater than said cross section. 

A solid barrier (such as in Figure 3) may also be used, which is gradually 
melted and included in the atomized powder (not shown). 

With the method and means described above, where gas flows out of 
nozzles or over the edge of a surface, secondary currents (turbulence) 
will occur in the boundary between the flowing and the stationary 
gas. When liquids having a high melting point are being atomized, 
this turbulence may cause molten particles to be drawn into and welded 
fast on the nozzles and other surfaces where it is not desired. 
In order to prevent such effects on bodies constituting the barrier, 
or on nozzles creating gas barriers, these may be provided with auxiliary 
nozzles, suitably located, with the object of eliminating turbulence 
in critical areas, thus preventing molten particles from becoming 
attached. These auxiliary nozzles may have the appearance of those 
shown at 15 in Figure 2b, or at 18 in Figure 3. 

Figure «t shows a horizontal atomizing equipment with its atomizing 
chamber 19 and cyclone 20. The atomizing equipment comprises a closed 
system, preferably kept under a certain overpressure (see Figures 1 
and 4). This may be 500 mm water column, for instance, so that air 
is prevented from entering. As mentioned, the casting box 2 is arranged 
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at one end of the box (1, 19)- Figures 5a and 5b show atomization 
as performed in the equipment shown in Figure 4. Medium 22 flows from 
nozzles 21 (for instance elongate, slot-shaped or a row or small nozzles) 
towards the tapping stream 23. The mixed stream thus obtained then 
encounters a barrier (solid or produced by one or more nozzles 25) 
and is deflected thereby, thus producing excellent atomization. The 
auxiliary nozzles are arranged in Figure 5b as one slot-shaped nozzle 
26 and several small, separate nozzles 27. The nozzle 26 may even 
produce the barrier itself. 

A flow phenomenum which arises when two jets of gas or fluid encounter 
each other at a certain angle is utilized to create the mixed jet 
24 in Figures 5a-b. 

It is known that at or immediately before the point of intersection 
between two media jets encountering each other at an angle, a flow 
phenomenum occurs which dominates the process to a greater or less 
extent depending on the size of the angle. At small angles, e.g. smaller 
than 5°, the injector action due to the sub-pressure immediately before 
the point of intersection is the dominant property, whereas at larger 
angles, e.g. 120°, there will be a backward flow of media in relation 
to the main direction of flow of the media jets. 

Both these phenomena can be exploited by selecting an angle between 
two media jets 22, 22 so that a backward flow of media occurs and 
that, within a short distance, it is drawn back into the media jets 
by the injector action. The result will be that a zone is formed 
in front of the intersection point, where there is no defined direction, 
but two vortex eddies with a constant exchange between returning media 
and media drawn in. Altering the angle will increase or decrease 
the extent of this zone. The angle between the media jets may be 
0-60°, but is preferably 5-20°. 

The nozzles 21, 21 may be arranged to give two horizontally directed 
media jets, parallel in vertical equipment, with great extension verti- 
cally as compared with the width, and with an angle in the horizontal 
plane in relation to each other. The zone described above will then 
be formed. The tapping stream 23 will flow from the top, down in 
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the vertical zone formed all along the height of the nozzle. The 
stream will be successively disintegrated on its way, down, and mixed 
into the passing atomizing medium. 

Media jets with considerable extension in one direction can be achieved, 
by means of slot-shaped nozzles or by a number of circule nozzles, 
for instance, arranged close together in a row. Depending on prevailing 
pressure and the medium used, the nozzles for the media jets may be 
designed for sub-pressure or over-critical pressure conditions (Laval 
nozzle). 

When the flow of melt is correctly adjusted to the capacity of the 
media nozzle, mixing, i.e. partial atomization, will occur along the 
entire height of the nozzle. 

The advantage of the arrangement of nozzles 21 described above is 
that a more homogeneous mixing (partial atomization) of the liquid 
into the media can be achieved which, even after passing a barrier, 
results in a narrower fraction for the particles. The nozzle arrange- 
ment 21 can also be used for complete atomization, without a barrier, 
wereby particles can be produced within a narrow size interval but 
with a larger average particle size. 

Figure 6 shows an alternative embodiment of the method and means according 
to the invention. An electric arc 30 is arranged between two electrodes 
28, 29. Media streams 31 (gas and/or fluid) are directed towards 
the electric arc, and media jets from the opposite direction 32 act 
as barrier. Efficient atomization of the liquid 35 formed in the 
electric arc is obtained. 

In this case the liquid to be atomized is obtained from at least one 
of the electrodes 29. However, liquid can also be obtained from a 
solid body which is melted by a laser or the like (not shown) in similar 
manner. Feeding the electrodes in Figure 6 along, or the laser, can 
be arranged by means of a feeder 34. The nozzles for both the first 
media and the barrier media may be annular, or may consist of several 
small nozzles. The method according to Figure 6 is preferably carried 
out in a chamber similar to that described earlier (not shown). 
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Particles formed at the atomization, at drawn into the gas jets towards 

the other end of the chamber, and before encountering the end of the 

chamber, they will have solidified to powder due to radiation and 

convective heat dissipation to the gas. An outlet is arranged in 

the chamber, preferably at its end, towards which the gas/powder mixture 

flows. 

The chamber is connected from the outlet by pipes, to a cyclone where 
the powder and gas are separated. After separation, the gas may travel 
to a compressor via a gas cooler, for recirculation to the atomizing 
nozzles. The system includes other requisite valves, cooling equipment 
and control means for regulating gas pressure, temperature and the 
various media flows, etc. 

The means and the methods described above can be varied in many ways 
within the scope of the claims. 
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Claims 



1. A method of atomizing liquids, preferably metal melts, in which 
liquid, preferably metal melt, is mixed into a media jet (9, 22, 31) 
consisting of gas and/or liquid, so that the liquid is disintegrated 
into small particles, i.e. atomized, characterised in that close 
to the blow-out nozzle, i.e. when velocity of the media jet is still 
high, a barrier is effected to spread said jet in order to greatly 
increase the contact surface between liquid/melt and media, at the 
same time producing greatly increased turbulence which is beneficial 
to the atomization process, and thus efficiently dispersing the liquid 
in the media whereupon the liquid is disintegrated into small particles, 
i.e. atomization is ef f ectivized . 



2. A method of atomizing metal melts as claimed in claim 1, 
characterised in that a body (16) is utilized as barrier, cooled 

by water (17), for instance, a thin solidified layer being thus formed 
on the body and protecting it against attack from the liquid, said 
body being stationary or rotating. 

3. A method as claimed in claim 1, characterised in that a body 
(16) is used as a barrier, said body consisting of a material which 
is thermically, mechanically and chemically resistant to the liquid- 
media mixture, said body being stationary or rotating. 

U. A method as claimed in claim 1, characterised in that the 
barrier (10, 25, 32) is formed by a flow (11) of gas and/or fluid, 
directed substantially in opposite direction to and directed towards 
the jet composed of liquid and media. 

5. A method as claimed in one or more of the preceding claims, 
characterised in that a barrier (11) is utilized having a geometry 
which is preferably congruent with the cross section of the portion 
of the media jet containing liquid (13) (mixed jet), at the point 
where it encounters the barrier, and that the barrier is given longi- 
tudinal dimensions equal to or up to 20 times greater than said cross 
section, preferably H to 10 times the cross section. 
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6. A method as claimed in one or more of the preceding claims, 
characterised in that the gas and/or liquid flow constituting the 
barrier, is produced by one or more nozzles, and that the kinetic 
energy from these is 10 to 1000 % of the kinetic energy in the media 
jet(s), preferably 30 to 60 %. 

7. A method as claimed in one or more of the preceding claims, 
characterised in that the nozzles for gas and or liquid are provided 
with auxiliary nozzles (15, 18, 26, 27) preventing liquid/melt, due 

to turbulence/injector action, from coming into contact with undesired 
parts of the gas nozzles or barrier body. 

8. A method as claimed in one or more of the preceding claims, 
characterised in that liquid is produced by supplying energy to a metal 
or metal alloy (28), and that media (3D are supplied to the liquid 
(35) in order to obtain a mixed jet and that the mixed jet is directed 
towards a barrier, e.g. a media jet (32) flowing in counter-direction 
thereto. 

9. A method as claimed in claim 8, characterised in that the energy 
is produced by means of an electric arc, laser or the like. 

10. A means for performing the method as claimed in one or more of 
the preceding claims, comprising a casting box (2) for liquid such 

as metal melt, and nozzles (7, 21) for media jets, designed to encounter 
a tapping stream (6, 23) from the casting box or other pool of liquid 
(35), characterised in that said means also includes a barrier 
(11, 25) located in the path of the mixed liquid-media jet and intended 
to achieve efficient dispersion of the liquid in the media and thereby 
effectivize atomization. 

11. A means as claimed in claim 10, characterised in that the 
barrier consists of a solid body (16), possibly water-cooled, possibly 
rotatable, and/or made of a material which is thermically and chemically 
resistant to the mixed jet. 
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12. A means as claimed in claim 10, characterised in that the 
barrier is formed by one or more nozzles (12) directed preferably 

in opposite direction to the mixed stream, with the object of directing 
one or more gas and/or liquid jets against the mixed stream in order 
to effectivize atomization. 

13. A means as claimed in claim 10, characterised in that the 
barrier is also provided with auxiliary nozzles (15, 18, 26, 27) to 
prevent liquid from coming into contact with undesired parts of the 
gas nozzles and/or barrier body, due to turbulence/injector action. 

11. A means for performing the method as claimed in one or more of 
claims 1-9, characterised in that metal or metal alloy is arranged 
to be supplied in the form of wire, rods or powder (28, 29), and that 
energy in the form of laser, electric arc (30) or the like is arranged 
to be supplied to the metal/alloy in order to melt it and that the 
liquid (35) thus formed is arranged to be subjected to media jets (31), 
and that the mixed stream thus produced is arranged to be subjected 
to a barrier, e.g. a counter-directed media jet (32), with the object 
of efficiently atomizing the liquid. 
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